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OverviewOverview

•• COCO22 Pipeline Transport AnalysisPipeline Transport Analysis

•• OneOne--toto--One SourceOne Source--sink Matchingsink Matching
NATCARB webNATCARB web--based applicationbased application

•• ManyMany--toto--Many SourceMany Source--sink Matchingsink Matching
Regional partnership applicationRegional partnership application



COCO22 Pipeline Transport Analysis Pipeline Transport Analysis 
OptionsOptions

•• StraightStraight--line Distance Matchingline Distance Matching

•• LeastLeast--cost Path Matchingcost Path Matching

•• Existing RightExisting Right--ofof--way way 



TerrainTerrain



Data Source and Relative Cost Data Source and Relative Cost 
Factor for Obstacle LayersFactor for Obstacle Layers

Raw Data Source Cost Factor
Base Case 1
Slope ESRI Digital Elevation Model

10-20% 0.1
20-30% 0.4
>30% 0.8

Protected Area
Populated Place ESRI Data & Maps 15
Wetland USGS LULC Data 15
National Park ESRI Data & Maps 30
State Park ESRI Data & Maps 15

Wateway Crossing ESRI Data & Maps 10
Railroad Crossing ESRI Data & Maps 3
Highway Crossing ESRI Data & Maps 3

Note: The relative weights are calculated as the ratios of the additional construction costs
          to cross those obstacles and the base case construction cost for an 8 inch pipeline.

Crossing

Construction Condition



Aggregate Crossing Cost Factor Aggregate Crossing Cost Factor 
MapMap



Pipeline Diameter Calculation (1)Pipeline Diameter Calculation (1)
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Doubling the CO2 mass flow rate will increase the pipeline diameter to 
increase by 32 percent. 



Pipeline Diameter Calculation (2)Pipeline Diameter Calculation (2)



Pipeline Land Construction CostPipeline Land Construction Cost

•• Land Construction Land Construction 
CostCost

MaterialMaterial
LaborLabor
ROWROW
Misc.  Misc.  

•• O&M CostO&M Cost



Pipeline Land Construction Cost Pipeline Land Construction Cost 
Model Model 



Disaggregated CODisaggregated CO22 Pipeline Pipeline 
Transportation Cost ModelTransportation Cost Model

•• Base Case Construction Cost (diameterBase Case Construction Cost (diameter--dependent)dependent)
The average pipeline construction cost is $33,900/in/mile. The average pipeline construction cost is $33,900/in/mile. 
Using an average relative cost factor of 1.75,  this can be convUsing an average relative cost factor of 1.75,  this can be converted to a erted to a 
base case pipeline construction cost of  $19,300/in/mile.  base case pipeline construction cost of  $19,300/in/mile.  

•• Obstacle Crossing Construction Cost (diameterObstacle Crossing Construction Cost (diameter--
independent)independent)

The obstacle crossing cost is calculated as the product of the rThe obstacle crossing cost is calculated as the product of the relative elative 
weight and the base case construction cost for an 8 inch pipelinweight and the base case construction cost for an 8 inch pipeline, but is e, but is 
assumed to be the same for pipelines of any diameter assumed to be the same for pipelines of any diameter 

•• Operation and Management Cost (diameterOperation and Management Cost (diameter--independent)independent)
The O&M cost is estimated to be $5,000/mile per year, independenThe O&M cost is estimated to be $5,000/mile per year, independent of t of 
pipeline diameterpipeline diameter



OneOne--toto--One MatchingOne Matching

•• WebWeb--based Pipeline Tool Implementation based Pipeline Tool Implementation 
((www.natcarb.orgwww.natcarb.org))

•• OneOne--toto--One Matching LeastOne Matching Least--cost Route cost Route 
SelectionSelection

•• Pipeline Construction Cost EstimationPipeline Construction Cost Estimation



NatcarbNatcarb WebWeb--based Toolbased Tool

•• Goal:  Allow the user Goal:  Allow the user 
to perform a leastto perform a least--cost cost 
path function in real path function in real 
time between two time between two 
distinct locations.distinct locations.



NatcarbNatcarb Point to PointPoint to Point

•• Technology, Data, and User Input Required:  Technology, Data, and User Input Required:  
ESRI’sESRI’s ArcGISArcGIS Server 9.1Server 9.1
Custom built Java Custom built Java servletservlet
ESRI’sESRI’s ArcIMSArcIMS map servermap server
MIT cost raster datasetMIT cost raster dataset
Two points selected by the user over any area in the region withTwo points selected by the user over any area in the region within the in the 
cost rastercost raster

•• Basic Model:Basic Model:
Generate cost distance raster from the first point to all cells Generate cost distance raster from the first point to all cells in the cost in the cost 
rasterraster
Generate the leastGenerate the least--cost path from the data generated above and the cost path from the data generated above and the 
second pointsecond point
Calculate the distance of the leastCalculate the distance of the least--cost pathcost path
Estimate the pipeline construction cost Estimate the pipeline construction cost 



NatcarbNatcarb Point to PointPoint to Point



ManyMany--toto--Many Matching: System Many Matching: System 
OptimizationOptimization

•• COCO22 Source SetSource Set
130 sources with a 25130 sources with a 25--year COyear CO22 flow for storage of 8.9 flow for storage of 8.9 GtGt

»» FossilFossil--fuel power plants (98)fuel power plants (98)
»» Ammonia (1)Ammonia (1)
»» Cement (8)Cement (8)
»» Gas processing (8)Gas processing (8)
»» Refineries (15)Refineries (15)

•• Storage Sink SetStorage Sink Set
34 oil fields with EOR potential with an overall CO34 oil fields with EOR potential with an overall CO22 Storage Storage 
Capacity of 1.2 Capacity of 1.2 GtGt

»» Depth > 800mDepth > 800m
»» COCO22 Storage Capacity > 5 MtStorage Capacity > 5 Mt

•• Constant COConstant CO22 ––EOR CreditEOR Credit
•• Optimize Transportation Network Optimize Transportation Network 

Take into account the storage capacity constraint of each sinkTake into account the storage capacity constraint of each sink



Regional Application: Eastern TexasRegional Application: Eastern Texas

•• 29 sources with a 2529 sources with a 25--
year COyear CO2 flow of 1.0 flow of 1.0 
GtGt are matched to are matched to 
EOR sinks.EOR sinks.

•• 101 sources remain 101 sources remain 
unmatched. unmatched. 



Transportation Cost to EOR SinksTransportation Cost to EOR Sinks
Marginal Transportation Cost by Annual CO2 Storage Rate in Oil Fields 

with EOR Potential, eastern Texas

(Project Lifetime = 25 Years)

0

1

2

3

4

5

6

7

8

9

0 5 10 15 20 25 30 35 40 45

CO2 Stored (Mt/Yr)

Tr
an

sp
or

ta
tio

n 
C

os
t (

$/
t)




